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Abstract: In this report the longitudinal, torsional and two directions of lateral vibrations on the engine 
crankshaft system of large, low-speed, in-line marine diesel engines are numerical calculated first by the 
three dimensional analysis of forced vibration by the transfer matrix method, which has been developed 
by the authors.  The torsional vibration of diesel engines has become severer with the increase of 
exciting force by higher pressure.  Therefore, the running crankshaft is highly stressed owing to the 
large torsional vibration.  Then, torsional viscous-friction dampers of high performance have been 
employed in high mean effective pressure diesel engines as a measure for vibration reduction.  In this 
study, the authors refer mainly to the three dimensional vibration model and the derivation of the 
transfer equation of the analyzed marine engine crankshaft and propeller shaft system, and describe the 
numerical calculation method.
Next, the numerical calculated results are compared with the corresponding experimental results for 
investigating the dynamic characteristics of the three dimensional vibrations and also the adequacy of 
the analytical method.  As a result of the comparisons with the measured results, the following 
conclusions are obtained;
［1］ The numerical calculated results are approximately similar to the measured ones.  From this 
comparison, it can be assured that the use of this three dimensional numerical calculation methods 
enables the estimation of the longitudinal, torsional vibrations, including the coupled vibrations, 
provided that the correct input data are specified.
［2］ The dynamic characteristics of the forced vibrations of the large, low-speed, marine diesel engine 
are made clear.
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1．Introduction
Longitudinal, torsional and two directions of lateral 
vibrations,  which induce vibration stresses,  occur 
simultaneously in the engine crankshaft system of a multi-
cylinder engine. The crankshaft of a multi-cylinder engine 
has a phase difference between the adjacent crank-throw 
planes, so the four kind of vibrations are usually coupled in 
the crankshaft system.
In recent years, the specific fuel consumption of the 
marine diesel engine has been improved in relation to the 
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demand for conservation of oil and mineral resources.
In the marine engines, it is in the trend of fewer cylinders, 
longer stroke and lower speed. Along with elongation of the 
stroke, the rigidity of crank arm has been reduced, and the 
open/close motions of the crank throw have been expanded. 
This has given rise to an excessive longitudinal vibration 
which was not seriously discussed before. This longitudinal 
vibration not only triggers vibration of the hull through the 
thrust bearing, but also induces damage of shaft system.
The torsional vibration of the crankshaft of a diesel 
engine with a supercharger has become severer with the 
increase of exciting force by high-pressure charging, and 
therefore the running crankshaft is highly stressed owing to 
the large torsional vibrations. The crankshaft design has thus 
been taken nearly to the limit. So the crankshaft can be 
easily strained in the three dimensional directions.
Therefore the vibration stresses of the crankshaft system 
of the large, low-speed, marine engine have become severer 
than before. The noise level of the diesel engines has also 
risen with the increase of vibrations. The noise level of the 
engines must be reduced much more from the viewpoint of 
noise pollution. Then the longitudinal, torsional and lateral 
vibrations of the crankshaft system need to be reduced as 
much as possible. Such being the case, it has become much 
more important to estimate all the vibration stresses 
accurately, including some kinds of coupled vibrations in 
the design stage ［1］－［3］．
Vibration analyses in three dimensions-torsional, 
longitudinal and lateral-have been carried out individually 
·through modeling suitable for each purpose. Therefore, the 
longitudinal and lateral vibrations coupled with torsional 
vibration cannot be analyzed. Also, on crankshaft, the 
importance of coupling between torsional and longitudinal 
vibrations was pointed out because of its shape. This coupled 
vibration mode was analyzed by Zen and Tsuda ［4］， ［5］ for 
the first time through a model prepared by providing inertial 
bodies with four degrees of freedom at each journal center 
of crankshaft and then connecting the bodies and journals 
with a composite springs. Afterward, Kin and Zen pair ［6］ 
also analyzed the coupled vibrations by the simulation 
modeling which allowed them to analyze the coupling 
between torsional and longitudinal vibrations. More recently, 
Homori, Kamata and Sasaki ［7］ invented a numerical 
calculation method, which comprised part of the calculation 
result by finite element method, for more exact evaluation 
of crank arm rigidity. This method has yielded significant 
results.
The study presented here is intended mainly to establish 
an analytical method that covers each of torsional, 
longitudinal and transverse vibrations, and the coupled 
mode of these vibrations by taking the marine and 
automobile diesel engine shaft system as distributed 
parameter system and applying the transfer matrix method 
to these systems, unlike the abovementioned methods 
dependent on modeling for analysis. Accordingly, in order 
to examine the correspondence between the analytical result 
by our method and vibrational phenomena on actual 
machines, the angular displacement amplitude, longitudinal 
displacement, lateral displacement and torsional vibration 
stress, etc. were numerical calculated and compared with 
the measured values, large low-speed marine diesel engine 
crankshaft and propeller shaft system, whereby validity of 
this method was checked.
2． Vibration Modeling and Analytical Method of 
Engine Crankshaft and Propeller Shaft System
The three-dimensional analysis of forced vibrations of the 
marine diesel engine by the transfer matrix method has 
already been reported by the authors ［8］－［17］， ［18］． Therefore, 
this chapter describes mainly the vibration modeling and 
analytical method of the above-mentioned marine diesel 
engine crankshaft and propeller shaft system ［19］－［25］．
2.1　Coordinate System and Each State Vector
Coordinates are defined in the right-hand orthogonal 
coordinate system. As for the positive direction of each 
quantity of state vector, the direction toward the propeller is 
defined as x-axis, the rightward direction as y-axis and the 
downward direction as z-axis when viewed from the front 
end of shaft （side opposite to propeller）, as shown in Figure 
1. And for rotational displacement, the clockwise direction is 
determined to be positive when facing the positive direction 
of shaft. As torsional vibration are considered at each 
initially divided element, state quantity  at both ends of each 
divisional element is defined by the following column 
vector consisting of 13-terms inclusive of the unit term for 1 
in order to introduce external force.
 （T：Transposing）
 （1）
Where, each symbol stands for a state quantity as follows.
：Longitudinal displacement on x-axis ［m］.
：Longitudinal force on x-axis ［N］.
：Torsional angle on x-axis ［rad］.
：Torsional moment on x-axis ［Nm］.
：Deflection on y-axis ［m］.
：Angle of deflection on z-axis ［rad］.
：Bending moment on z-axis ［Nm］.
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：Shearing force on y-axis ［N］.
：Deflection on z-axis ［m］.
：Angle of deflection on y-axis ［m］.
：Bending moment on y-axis ［Nm］.
：Shearing force on z-axis ［N］.
2.2　Divisional Vibration Model of One Crank-throw
One crank-throw is largely divided into six-matrices as 
shown in Figures 2 and 3 and each matrix is designated as 
, , , ,  and  in the left to right 
order. As the engine crankshaft system is very complicated, 
it is initially divided into many elements and the transfer 
matrices are determined for each element in three dimensional 
space. Now let us assume the following.
： Transfer matrix per 1/2 length of crank pin excluding 
fillet.
：Transfer matrix of crank pin fillet.
： Transfer matrix of crank arm above the center line of 
crank pin area.
：Transfer matrix of crank arm area （ ＝1 to 10）.
：Transfer matrix of balance weight.
： Transfer matrix per 1/2 length of crank journal 
excluding fillet.
：Transfer matrix of crank journal fillet.
, ：Transfer matrix for coordinate conversion.
Then, the transfer matrix of each divisional area can be 
expressed by the equation below.
 （2）
2.3　Vibration Modeling of Crankshaft System
Figure 4 shows the vibration model of a  cylinders, 
marine diesel engine crankshaft. In our model the overall 
Figure 1　 Sketch of Marine Low-Speed Diesel Engine Crankshaft and Propeller Shaft System Subjected to Numerical Calculation 
［for Example, Ship B, 7-Cylinder Engine, 5-Blades］
Figure 2　 Detailed Vibration Model of ν-th Crank-Throw for 
Transfer Matrix Method
Figure 3　 Each Transfer Matrix of One Crank-Throw for 
Marine Diesel Engine Crankshaft
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shaft system is assumed to be elastically supported with the 
main, thrust and stem tube bearings. The external forces are 
assumed to apply concentrically to the crank pins in the 
tangential and nominal directions. So it is assumed in this 
vibration model that the elastic supports of bearings can be 
replaced with concentrated linear springs and dampers, and 
that the concentrated external forces apply to the center of 
the pins. Let us define each transfer matrix as follows.
：Transfer matrix of right side of -th crank journal.
：Transfer matrix of left side of -th crank journal.
：Transfer matrix of -th main bearing area.
：Transfer matrix of gear.
：Transfer matrix of thrust bearing area.
：Transfer matrix of thrust collar area.
：Transfer matrix of flywheel.
：Transfer matrix of -th external force.
：Transfer matrix of phase conversion at -th bearing.
： Transfer matrix of -th element of shaft area on 
engine side except crank throw area.
：Transfer matrix of flange area.
： Transfer matrix of viscous friction damper at left end 
of engine. （free end）.
Then, the relationship between state quantity vectors at the 
left and right ends of the shaft system as shown in Figure 
4；  （subscript L：left side） and  （subscript R：
right side） can be expressed by the equation below.
 （3）
Where,  represents the transfer matrix of the entire 
engine.
Also, the following equation is established.
 （4）
2.4　 Vibration Modeling of Propeller Shaft System and 
Propeller
For propeller shaft system, the vibration modeling as 
shown in Figure 5 was effected. Now, Jet us define each 
matrix as follows.
： Transfer matrix of -th element of shaft area on 
propeller system.
：Transfer matrix of flange （disc） area.
：Transfer matrix of propeller area.
Then, the relationship between state quantity vectors  
and  at the left end （right end of flywheel） and right 
end of the propeller shaft system, respectively, can be 




Where,  stands for the transfer matrix of the entire 
propeller shaft system.
The propeller area is replaced with one mass as shown in 
Figure 6. In this case, the longitudinal force  received 
from fluid due to revolution of the propeller, the torque , 
the shearing force  on the z-axis and the bending moment 
, around the z-axis are applied to the mass. Beside these 
external compelling forces, longitudinal damping and 
rotational damping need also be considered. Following 
Hayama＇s equation ［12］, ［18］ on these dampings, the transfer 
matrix  of propeller was obtained.
Figure 4　 Detailed Vibration Model of Marine Diesel Engine 
Crankshaft System for Transfer Matrix Method
Figure 5　 Detailed Vibration Model of Thrust Shaft for 
Transfer Matrix Method
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2.5　Equivalent Spring Constant of Thrust Bearing
The spring constant of the thrust bearing in the longitudinal 
vibration of shaft system exerts a great influence over the 
behavior of shaft system. Therefore, the constant need be 
evaluated correctly by some method. Zen and Tsuda ［4］, ［5］, ［18］ 
proposed the method of numerical calculating the spring 
constant of thrust bearing on the basis of the resonance 
frequency measured at trial. However, this numerical 
calculation method has a difficulty in that the longitudinal 
spring constant at the crank throw must be evaluation as 
correctly as possible since a model of mass spring system is 
used for longitudinal vibration. To circumvent this in our 
study, the Kin and Zen method ［6］, ［18］, which takes the 
adjacent crank＇s influence into account, was adopted for 
evaluating the longitudinal spring constant of one crank 
throw. The equivalent spring constant of the thrust bearing 
area in each ship in listed in Table 1.
2.6　 Spring Element and Damping Element of Bearing 
Area
Shaft system is supported by the main bearing, stem tube 
bearing, etc. Since elastic support points are located at these 
bearings, it is necessary to evaluate the rigidity of bearing 
body and the spring constant and damping coefficient of oil 
film. Here, we assume that the rigidity of bearing body is far 
larger than that of oil film. So the bearing body is handled 
as rigid body, and the equivalent spring constant and 
equivalent damping coefficient of the bearing area as an 
elastic support point are represented by the spring constant 
and damping coefficient of oil film.
In the numerical calculation of vibration, the spring 
constant and damping coefficient of the bearing film area 
were estimate by applying the numerical calculation method 
of Aoki and Nakagawa ［7］, ［13］, ［18］, and the values judged 
appropriate were employed for each shaft system.
2.7　Transfer Matrix Analysis of Forced Vibration
Since each transfer matrix of the entire engine crankshaft 
and the propeller shaft system are obtainable by equation 
（3） and （5）, the following relationship is established on the 
overall shaft system which couples the two shaft system.
 （7）
Where,  stands for the transfer matrix of the overall 
shafting.
Because the left end of shaft is a free end, force and 
moment at this end are both zero. When introducing the 
boundary matrix ：for taking out those physical quantities 
and an unknown displacement vector , the state quantity 
vectors at the left end of shaft system and at the right end of 
propeller can be represented as follows.
 （8）
And, because the right end of shaft system is also a free 
end, force and moment at this end are both zero in the same 
as at the left end. Therefore, the product of multiplication 
between the boundary matrix  for taking out those 
physical quantities and state quantity vector  at the 
right end of shaft system will become zero as expressed 
below.
 （9）
From equations （8） and （9）, the following relation holds.
 （10）
Where,  and  depend on equations （23） and （25） in 
reference ［8］. Therefore, by solving this complex-variable 
simultaneous linear equation, the unknown value , namely 
the displacement at the left end of shaft is obtainable. Further, 
the state quantity at a desired position of shaft system can be 
Figured out by multiplying the state quantity  at the 
left end of shaft system with the transfer matrix 
of up to that position.
Figure 6　 Detailed Vibration Model of Propeller for Transfer 
Matrix Method ［Relationship between Propeller 
and Equivalent Vibration Model］
Table 1　Equivalent Spring Constant of Thrust Bearing of Each Ship
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3． Major Specifications of Engine Crankshaft and 
Propeller Shaft System Subjected to Numerical 
Calculation
The engine crankshaft and propeller shaft system subjected 
to numerical calculation, measured are five kinds of 2-cycle 
large, low-speed marine diesel engine. The ships mounting 
the former engine are called ships A, ship B, ship C, ship D 
and ship E. Table 2 lists the major specifications of the 
former engine crankshaft and propeller shaft system. 
Figure 1 shows the shape and dimensions of the engine 
crankshaft and propeller shaft system of ship B subject to 
numerical calculation, for an example.
4． Vibration Measurement of Engine Crank and 
Propeller Shaft System Subjected to Numerical 
Calculation
As the vibration measurement of the marine engine 
shaftings, the angular displacement at the front end 
（opposite to flywheel）, the longitudinal displacement and 
the torsional vibration stress at the intermediate shaft were 
measured during the official sea trial of each ship.
The longi tudinal displacement and the angular 
displacement at the front end of shafting were measured 
with a capacitance type non-contacting displacement 
gauge and a Geiger vibrometer, respectively. And, a strain 
gauge was attached to the intermediate shaft in order to 
detect shearing strain and thereby the stress. Note that the 
angular displacement amplitude at the front end of engine 
was measured only in each ship. Or shaft system, the 
displacements of longitudinal and torsional vibrations were 
measured at the pulley end of the engine shafting. The 
torsional angular displacement was obtained by adopting 
the phase-shift type torsiograph equipment. The other 
displacements could be obtained from the measurement of 
the relative movement between the each gap sensor and 
the corresponding measuring plane by using a distance 
measuring device. The gap sensors are fixed on the 
supporting plate, which is bolted on the cylinder block.
5． Comparison of Numerical Calculated and 
Measured Values
This chapter refers to the comparison of the numerical 
calculated and measured values of the marine diesel engine 
shaft system （ship A, ship B, ship C, ship D, and ship E）.
5.1　 Comparison of Numerical Calculated and Measured 
Value in Marine Diesel Engine Shaft System
5.1.1　 Angular displacement amplitude due to torsional 
vibration
The numerical calculated and measured values of the 
torsional angular displacement amplitude at the front end of 
shaft system in ship A are plotted in Figure 7. From this 
Table 2　Major Specifications of Low-Speed Marine Diesel Engine Crankshaft and Propeller Shaft System
Figure 7　 Torsional Angular Displacement Amplitude Curves 
at Front End of Engine Crankshaft System 
［Comparison of Measured and Numerical Calculated 
Value, Ship A, 4-th and 7-th Order Vibrations］
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Figure, it can be understood that the 7-th order vibration of 
the first node of main resonance is present at 80 ［r/min］ and 
the 4-th order vibration of the first node of sub-resonance is 
present at 140 ［r/min］. At both resonance points, the 
numerical calculated values agree well with the measured 
values. Each damping coefficient related directly to the 
numerical calculation of the torsional angular displacement 
amplitude due to torsional vibration was obtained from each 
damping ratio ［14］ drained when converting the shaft system 
into an equivalent torsional vibration system （lumped 
parameter system）. The damping ratio values are listed in 
Table 3. These values were obtained by putting the measured 
values on similar engine in order.
5.1.2　Torsional vibration stress
Figures 8. 9, 10, 11 and Table 4 compares the numerical 
calculated and measured values of the torsional vibration 
stress on the intermediate shafts in ships B, ship C, ship D 
and ship E. From this Figure, it can be understood that the 
first node, 7-th order vibration main resonance speed is 45 
［r/min］, torsional vibration stress：650x105 ［N/m2］ in ship 
B and that the numerical calculated and measured values 
Figure 8　 Amplitude Curves of Torsional Vibration Stress at 
Intermediate Shaft ［Comparison of Measured and 
Numerical Calculated Value, Ship B, 7-th Order 
Vibration］
Figure 10　 Amplitude Curves of Torsional Vibration Stress 
at Intermediate Shaft ［Comparison of Measured 
and Numerical Calculated Value, Ship D, 6-th 
Order Vibration］
Figure 11　 Amplitude Curves of Torsional Vibration Stress 
at Intermediate Shaft ［Comparison of Measured 
and Numerical Calculated Value, Ship E, 6-th 
Order Vibration］
Figure 9　 Amplitude Curves of Torsional Vibration Stress at 
Intermediate Shaft ［Comparison of Measured and 
Numerical Calculated Value, Ship C, 4-th, 7-th 
Order Vibration］
Table 3　 Damping Ratio ［Viscous Friction, Hysteresis and Propeller］ in Torsional Vibration of Each 
Shaft System
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match each other satisfactorily （Ship C: torsional vibration 
stress：800x105 ［N/m2］, resonance engine speed：54 ［r/
min］, Ship D：800x105 ［N/m2］, 57 ［r/min］, and Ship E：
800x105 ［N/m2］, 65 ［r/min］）. However, in the area off the 
resonance position, the numerical calculated value is slightly 
larger than the measured value. Yet, such a difference does 
not pose a problem in practical application. With regard to 
the torsional vibration, the numerical calculated values by 
our analysis method achieved a comparatively good matching 
with the measured values. So, it can be thought that this 
method ensures a rather high accuracy in the numerical 
calculation of the torsional angular displacement amplitude 
and the torsional stress of crankshaft system.
5.1.3　Displacement amplitude of longitudinal vibration
Figures 12 and 13 show the numerical calculation and 
measured values of the displacement amplitude of the 
longitudinal vibration at the front end of shaft in ships A and 
ship B, respectively. In each figure, the solid line represents 
the measured value and the dashed line stands for the 
calculated value. Each amplitude peak position, 7-th order 
near 75 ［r/min］ in ship A, 7-th order near 45 ［r/min］ in ship 
B, is due to induction by the torsional vibration of main 
resonance order （order identical to the number of cylinders）, 
namely coupling. The amplitude peak positions of other 
orders are due to the resonance of zero-node longitudinal 
vibration.
In the shaftings of each ship, the calculated and measured 
values of displacement amplitude peak position are almost 
equal to each other on every shafting in case of the 
longitudinal vibration coupled with the torsional vibration. 
As for the peak amplitude value, the calculated value is 
larger than measured value on the shafting of ship B, while 
the measured value is larger than the calculated value on the 
shafting of ship A.
6． Effect of Spring Constant and Damping 
Coefficient in Vibration Model on Torsional and 
Longitudinal Vibration of Marine Engine Shaft 
System
6.1　Preface
This chapter refers to the characteristics of the torsional 
and longitudinal vibration which has been seriously 
discussed in the fewer cylinders, torsional and longitudinal 
vibration which has been seriously discussed in the fewer 
cylinders, longer stroke, lower speed marine diesel engine 
shaft system. Therefore, the effects of spring constants and 
damping coefficients on torsional and longitudinal vibration 
are investigated from the analytical viewpoint on the shaft 
system of ship B where the angular displacement amplitudes 
Figure 12　 Longitudinal Displacement Amplitude Curves at 
Front End of Marine Diesel Engine Crankshaftings 
［Comparison of Measured and Numerica l 
Calculated Value, Ship A, 7-th, 10-th, 11-th and 14-
th Order Vibrations］
Figure 13　 Longitudinal Displacement Amplitude Curves at 
Front End of Marine Diesel Engine Crankshafting 
［Comparison of Measured and Numerica l 
Calculated Value, Ship B, 6-th, 7-th, 9-th and 14-th 
Order Vibrations］
Table 4　Torsional Vibration Stresses, Resonant Frequency by the Measured Value
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of torsional vibration were measured conspicuously in 
comparison with ship A.
In every shaft system, the numerical calculate values 
agree with the measured value son the resonance position of 
torsional and longitudinal vibration of each order. However, 
resonance amplitude varies with order. Though the numerical 
calculation and measurement agree with each other at the 
resonance amplitude of main resonance order （7-th order 
vibration） and the amplitude over the trailing edge, the 
numerical calculated amplitudes of other orders are larger 
than the measured values. From the above results, it can be 
thought that the spring element and damping element 
governing the resonance of torsional and longitudinal 
vibration, the spring element governing the resonance 
position of torsional and longitudinal vibration （mainly the 
equivalent spring constant of thrust bearing area）, the spring 
element governing the coupled vibration of torsional and 
longitudinal vibration （mainly the rigidity of crank-throw 
area）, etc. have been evaluated almost appropriately.
On the other hand, various reasons why the numerical 
calculated displacement amplitude does not match the 
measured one can be thought including;
［Ⅰ］  The vibromotive torque generated from the engine is 
not evaluated properly.
［Ⅱ］  The spring element and damping element of each 
bearing area considered as an elastic support point are 
not evaluated appropriately.
［Ⅲ］  Each damping value of the propeller area and inertia 
coupling coefficient, etc. are not estimated accurately.
Among the above possible reasons, the vibromotive torque 
in ［Ⅰ］ can be evaluated reasonably by acquiring indicator 
diagram simultaneously with vibration measurement and 
determining engine torque according to indicator diagrams. 
In this example of numerical calculation, the value considered 
appropriate for each shaft system has been estimated from 
the acquired indicator diagrams and then used. Therefore, it 
is difficult to say that the vibromotive torque has been 
evaluated properly in all aspects. Then, we do not discuss 
here on the influence by a change in external torque over the 
angular displacement amplitude of torsional and longitudinal 
vibration. And, each influence by ［Ⅱ］ and ［Ⅲ］ is examined 
below on the shafting of ship B （7-cylinder engine, 5-blade）.
6.2　Equivalent Spring Constant of Main Bearing Area
Torsional and longitudinal vibration was numerical 
calculated while changing 4-directional equivalent spring 
constant： , , , and  within a range from 0.1 to 
1000.0 ［%］ with reference to the values estimated first for 
the numerical calculation of angular displacement amplitude 
（each spring constant value corresponding to the numerical 
calculated amplitude in Figure 13）. Where,  and  stand 
for the spring constants of the coupled straight spring at the 
main bearing of the marine diesel engine. Figures 14 and 15 
shows the result of the numerical calculation when changing 
（change  for longitudinal vibration, change , , , 
and  for torsional vibration） as an example. According to 
this Figure, change in the resonance amplitude of torsional 
and longitudinal vibration is not so large on every resonance 
order. Numerical calculation was also performance in the 
cases where ,  and  are changed. In any case, 
change in the resonance amplitude due to different spring 
constants was slight as shown in Figures 14 and 15. 
Therefore, it has been known that these equivalent spring 
Figure 15　 Amplitude of Torsional Angular Displacement at 
Front End of Marine Diesel Engine Crankshaft 
System in Ship A ［Resonance Engine Speed 81 
［r/min］, With Change in Equivalent Spring 
Constant （ , ,  and  , ＝0.1 to 
1000.0） of the Main Bearing］ 
Figure 14　 Longitudinal Displacement Amplitude Curves at 
Front End of Marine Diesel Engine Crankshafting 
in Ship B ［With Change in Equivalent Spring 
Constant  （X10.0 and X0.10）, 6-th, 7-th, 9-th 
and 14-th Order Vibrations］
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constant values of the main bearing area exercise almost no 
influence over the torsional and longitudinal vibration 
resonance amplitude.
6.3　Damping Coefficients of Main Bearing Area
Torsional and longitudinal vibration was numerical 
calculated while changing the 4-directional equivalent 
damping coefficient： , ,  and , within a range 
from 0.1 to 1000 ［%］ the same as when changing spring 
constants. Figures 16 and 17 shows the result of the 
numerical calculation when changing （change  for 
longitudinal vibration, change , ,  and  for 
torsional vibration） as an example. For a change within 0.1 
to 1000 ［%］ in  （change , ,  and  for 
torsional vibration） in any resonance order, the 7-th order 
resonance amplitude near 108 ［r/min］ and the 6-th order 
one near 125 ［r/min］ show large changes for a variation in 
. And the 7-th order resonance （at 108 ［r/min］） and 6-th 
order resonance （at 125 ［r/min］） of the longitudinal 
vibration have larger amplitude changes than the 7-th order 
and 14-th order resonance coupled with torsional vibration 
near 45 ［r/min］ and 55 ［r/min］ respectively. Numerical 
calculation was also performed in the cases where ,  
and  are changed. In any case, change in the damping 
coefficients exerted a large influence over the damping 
coefficient exerted a large influence over the resonance 
amplitude of longitudinal vibration except for the 7-th order 
and 14-th order ones coupled with the torsional vibration as 
shown in Figures 16 and 17. Therefore, it has been known 
that the equivalent damping coefficient values·of the main 
bearing area exercise a great influence over the resonance 
amplitude of the longitudinal vibration.
6.4　 Spring Element and Damping Element of Intermediate 
Shaft Bearing and Stern Tube Bearing
Since all bearings are taken as elastic support points, 
vibration was numerical calculated with a wide change 
made on each value of equivalent spring constant and 
equivalent damping coefficient. As a result, neither the 
spring element nor damping element exercise any influence 
over the displacement amplitude of longitudinal vibration.
6.5　 Each Damping Value and Inertia Coupling Coefficient 
of Propeller Area
The resonance amplitude for each order was numerical 
calculated while changing each damping element and each 
inertia coupling coefficient within a range from 0.1 to 10x 
with reference to the value estimated first for the calculation 
of vibration. Where, damping element are as follows.
：Damping coefficient for longitudinal vibration.
：Damping coefficient for torsional vibration.
： Damping coefficient for longitudinal vibration due to 
torsional vibration.
： Damping coefficient for torsional vibration due to 
longitudinal vibration.
Inertia coupling coefficients are as follows.
： Inertia coupling coefficient of longitudinal vibration 
due to torsional vibration
： Inertia coupling coefficient of torsional vibration due 
to longitudinal vibration
In consequence, the  and  values have almost no 
relationship with the resonance amplitude of longitudinal 
vibration.
Figure 17　 Amplitude of Torsional Angular Displacement at 
Front End of Marine Diesel Engine Crankshaft 
System in Ship A ［Resonance Engine Speed 81 
［r/min］, With Change in Equivalent Damping 
Coefficient （ , ,  and  , ＝0.1 to 
1000.0） of the Main Bearing］
Figure 16　 Longitudinal Displacement Amplitude Curves at 
Front End of Marine Diesel Engine Crankshafting 
in Ship B ［With Change in Equivalent Damping 
Coefficient  （X10.0 and X0.10）, 6-th, 7-th, 9-th 
and 14-th Order Vibrations］
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─Especially, Numerical Calculation Method of Torsional and Longitudinal Vibration─
Figures 18 and 19 show the results of the numerical 
calculations with different  and  values. From these 
figures, it can be understood that both changes in  and 
 values substantially affect the resonance amplitude of 
longitudinal vibration. The influence by  over the change 
in the resonance amplitude is larger than by the  value. 
Besides, numerical calculation was also performed on the 
cases where the other coupling damping coefficient  and 
inertia coupling coefficient  are varied, respectively. As 
a result, the same tendency as in Figures 18 and 19 is 
confirmed. Hence, each change in e , ,  and  
significantly affects the resonance amplitude of the 
longitudinal vibration. Especially, the influence by inertia 
coupling coefficients  and  is larger than by coupling 
damping coefficients  and . This is because , , 
 and  have relationship with both  -directional force 
（which becomes longitudinal vibromotive force） generated 
by revolution of the propeller and the torque on the  -axis as 
is evident from Hayama's equation ［12］. And, it will easily be 
understandable that the  influence on the  -directional 
force is larger than the ,  influence because the former 
is proportional to the square of forced angular frequency.
6.6　External Force from Propeller
Because the propeller is operated in the uneven flowing 
wake at the stern, a three-dimensional compelling force, 
which changes with revolution, is generated ［6］. This 
compelling force is extremely large on the order identical to 
the number of the blades and almost no compelling force of 
other order is generated.
In the shaft system targeted by our study＇s numerical 
calculation, the 7-cylinder engine has 5-blades （6-cylinder 
engine has 4-blades）.
On the other hand, the general technique is yet to be 
established for determining each value of the spring element 
and damping element in the bearing area and other area. 
However, it appears that practical values can be estimated 
by comparing a number of actual ship measurements and 
the result of numerical calculation by our analytical method 
and putting the comparison data systematically into order.
7．Summary
As mentioned above, the marine diesel engine shaftings 
were regarded as a distributed parameter system and vibration 
analysis was carried out by applying the transfer matrix 
method. The numerical calculation was performed on the 
three dimensional vibrations and on the coupled mode 
among those vibrations. The numerical calculated values 
were compared with the measured values, and the following 
results were obtained.
［1］  With regard to the torsional vibration and the longitudinal, 
lateral vibrations coupled with torsional vibration, our 
analytical method can figure out both the angular 
displacement amplitude at resonance and the torsional 
vibration stress of engine shaftings with an adequate 
accuracy from an engineering standpoint, provided that 
the correct input data are specified.
［2］ On longitudinal vibration, the numerical estimation of 
each spring element and damping element of the 
modeled shafting still has many problems to be examined. 
However, the vibration state of the shafting including the 
longitudinal vibration coupled with torsional vibration 
can be predicted by our analytical method.
Figure 18　 Longitudinal Displacement Amplitude Curves at 
Front End of Marine Diesel Engine Crankshafting 
in Ship B ［With Change in Equivalent Spring 
Coefficient  （X10.0 and X0.10） of Propeller Area］
Figure 19　 Longitudinal Displacement Amplitude Curves at 
Front End of Marine Diesel Engine Crankshafting 
in Ship B ［With Change in Coupling Coefficient 
 （X10.0 and X0.10） of Propeller Area］
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［3］ For estimating the equivalent spring constant of the 
thrust bearing area, the Zen and Tsuda method seems to 
be appropriate.
［4］ The longitudinal vibration could with torsional vibration 
is affected by each value of coupling value of coupling 
damping coefficients  and , inertia coupling 
coefficients  and . Also, the compelling force 
generated in the propeller shaft system dose not affect 
each resonance amplitude of torsional and longitudinal 
vibrations unless the main resonance order is the same 
as the number of the blades.
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